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Provided are physical science laboratory experiments which have been 
developed and used as a part of an experimental one year undergraduate course in 
general science for non-science majors. The* experiments cover a limited number of 
topics representative of the scientific enterprise. Some of the topics are pressure 
and buoyancy, heat, motion, sound, mixtures, solutions, compounds, electricity,, light, 
radioactivity, and rocks and minerals. Very simple apparatus and equipment are used 
in the performance of the experiments. Verbal and intuitive understanding of concepts 
and principles are emphasized. Quantitative mathematical description is minimized. 
Provided for each experiment are background information, laboratory procedures, 
and questions. (RS) 
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PREFACE 



The teaching of physical science illustrates a very important 
philosophy of education; one which is too often overlooked. Learning is 
related to the ability to verbalize our thoughts. Many of the physical 
laws or principles taught in physical science are subconsciously recognized 
by us since we must adjust our lives to these basic principles; but we often 
find ourselves amazed at the consequences of these physical principles 
when we have these concepts verbalized for us or are forced to verbalize 
these principles to ourselves. It should be recognized that we do not really 
have the mastery of any knowledge until we have a conscious awareness of 
it which necessitates the ability to express our knowledge and concepts in 
words. 

Preliminary studies indicated that many of the students who take a 
single physical science course in college have little previous training or 
background in science or mathematics. It is recognized that one of the 
basic reasons for the mental block many individuals have against physical 
science is the importance placed on mathematics in the teaching of physical 
science and to the poor mastery many individuals have of the materials of 
mathematics. Mathematical representation employs shorthand symbols to 
denote concepts that can be quantified, and these individuals have not come 
to associate these shorthand symbols with the concrete physical reality they 
describe. 

It must be recognized that a mastery of mathematical materials is a 
necessity for those who want to effect a practical implementation of physical 
laws and principles in a technological World. Howe /er, many of us will 
devote our lives to other areas of activity and work. These individuals 
need to understand our scientific accomplishments, appreciate the potential 
of science, and realize the importance these matters have for the growth 
and development of our society. For this educated group of people, a 



verbal and intuitive understanding of the concepts and principles of physcial 
science is of more importance than a quantitative mathematical description. 

The following group of experiments has been written and put together by 
the staff of the Cooperative General Science Project with the hope that the 
liberal arts majors who take this course will develop their ability to express 
and understand more fully the concepts and principles taught in a special 
course in Physical Science designed specifically for them. Realizing it 
would be impossible to present a comprehensive study in the sciences, it was 
decided to deal with only a small number of topics representative of the 
scientific enterprise. An effort has been made to relate the materials 
covered in the course to previous experience and to make the presentation of 
these materials of practical use to the students. It is hoped that our physical 
science course will develop the interest and curiosity of the students so they 
will explore their every day experiences and recognize underlying principles. 

Since it is realized that the liberal arts major will not be following 
scientific careers in research and technology, we have attempted to utilize 
very simple apparatus and equipment to illustrate the principles. Learning 
is easier when the individual can associate the task at hand with previous 
experiences and it is more meaningful when he can project this knowledge 
into future useful situations. The laboratory experiments have been made an 
integral part of the course and complement the lectures by physically involving 
the students in experiences which illustrate the concepts and principles 
discussed in the classroom. Mathematical analysis of certain phenomena is 
utilized in the course as supportive evidence for the principles taught and as 
an opportunity for the students to become more competent in the area, but 
emphasis has been placed on graphical analysis and the functional representa- 
tion of physical relations. 

It is the sincere desire of the staff who developed this manual that its 
use by the students will be the beginning of a lifetime of enjoyment in 
observing and wondering and coming to know more about the world we live 
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METHODS OF GRAPHICAL ANALYSIS 



Graphical analysis gives a picture or a visualization of how one 
quantity changes with respect to another. Graphs are used extensively 
by scientists as they search for relationships since graphs reveal some 
relationships clearly and they are one of the least involved methods of 
determining relationships. This laboratory exercise will give you some 
of the procedures which should be followed in constructing graphs and 
familiarize you with some of the simpler relationships shown by graphs. 

In constructing a graph, observe the following rules: 

1) Draw two straight lines intersecting at right angles with 
the horizontal line at the bottom of the graph and the 
vertical line at the left. These lines are known as 
coordinate axes. 

2) In this course, we require the origin (or intersection of 
the axes) to always represent zero for both axes. 

3) Choose convenient scales and allow equal spaces to 
represent equal changes on the scales. 

4) A title should be at the top of each graph stating what 
things are being plotted against each other. 

5) The quantity being plotted along each axis should be 
stated clearly on that axis. 

6) Whenever the scale along either axis has units associated 
with it, the units should be stated clearly with the scale 
along that axis. 

j The simplest type of graph is the straight line graph. This type of 

graph is encountered when the two variables are directly proportional to 
each other. 

To illustrate the straight line graph, suppose that when a pine tree 
was 4 years old, it was observed to be 2 feet high. Its height for a few 
years afterward was measured and recorded in the table below: 

Time (years) 4 5 6 7 8 9 10 11 12 

Height (feet) 2 2 % 3 3 § 4 4 * 5 5 § 6 
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Suppose we wanted to know how high the tree had grown after 22 years 
(assuming it was still growing at the same rate.) By observing that its height 
increased by 1/2 foot for each year after we started measuring it, we could 
compute the height by saying the height = 2 feet + (1/2 ft/yr) x (18 years) ■= 2 
feet + 9 feet = 11 feet. (The quantity, 18 years, was obtained by subtracting 
the age of 4 years when we started measuring from the age of 22 years when 
we wanted to know the height. ) 

Another way to determine the height of the tree would be to draw a 
graph of the height of the tree against the time that the tree was growing. 
This graph has been drawn in Figure 1 and turns out to be a straight line. 
Then by knowing any time that the tree has been growing, the corresponding 
height of the tree can be read directly from the graph. 
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Figure I. 



This straight line graph shows a relationship which can be 
expressed mathematically. 




Figure 2. 



The equation for any straight line, such as the one in Figure 2, is 
of the general form y = mx + b, where m is the slope of the line and b 
is the y- intercept of the line. (The y-intercept is the point at which the 
line crosses the y-axis - or vertical axis. ) In general, these numbers 
are different for every straight line graph. When x = 0, y = b. Thus the 
proper value for b, the y-intercept of a line, can be found by setting 
: : z = 0 and reading off the values for y. This value may be positive, 
negative, or zero. The value of m, the slope of the line, is defined as the 
quotient of the change in the y- coordinate or vertical scale ( called Zty) 
and the change in the x- coordinate or horizontal scale ( called ^x). This 
slope can be positive, negative, or zero. 



To find the slope of a line, choose any two points on the line, 

(xp ) and (x^ y^)* Then, the 

slope = change in y- coordinate _ y^ • - y^ = ^y 

change in x- coordinate X£ " x i Ax 

You have now seen the value, importance, and utility of the straight 
line graph. Note that when you have a straight line graph, the two variables 
are directly proportional - and, when the two variables are directly 
proportional, their graph is a straight line. That is, for every change in 
one of the variables, there is a corresponding change in the other variable. 
These changes are such that, if a given change in one variable, say x by an 
amount Ax, produces a change in the other variable, say y by an amount Ay, 
then the same change in y ( Ay) will be produced no matter where the change 
in x ( Ax) is taken on the x-axis. (Be certain you completely understand 
this important concept and ask your instructor questions if you do not entirely 
understand it. ) This statement contains the most important features of what 
is meant by saying one quantity, y, is directly proportional to another quantity, 
x. If you plot a graph of one quantity against another quantity and the result 
is not a straight line, then the two quantities are not directly proportional. 



y 2 =c,x 
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Another common curve is the parabola. An example of a parabola 
is the curve illustrated in Figure 3. The equation of this line is of the 
form y2 = C^x, where is a positive constant. (In this case, = 8. ) 

This curve was found to be drawn in such a way that every point (X, Y) on 
the curve is the same distance from the point (+A, 0), called the focus , as 
it is from the line x = -A, called the directrix. (The notation (a, b) means 
the point represented on the graph is at x = a and y = b. ) 

If we have a parabola, we would say that one of the variables is 
directly proportional to the square of the other or to the square root of 
the other. Thus, in the example in Figure 3, we could say that x is 
directly proportional to the square of y or that y is directly proportional 
to the square root of x. By squaring the values of y and replotting the new 
data on a graph whose vertical axis represents y^ a straight line can be 
obtained. How else can a straight line be obtained from the same information? 




